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INTRODUCTORY REMARKS AND OVERVIEW 
There were two areas of research  sponsored under t h e  J o i n t  U n i v e r s i t y  Proqram 
d u r i n q  1985. The f i r s t  is t h e  i n v e s t i g a t i o n  i n t o  runway approach f l y i n g  wi th  Loran- 
C ,  i nvo lv ing  f l i q h t  tests i n  a Grumman T i q e r .  The second i s  a series of research 
t o p i c s  i n  t h e  development of experimental  v a l i d a t i o n  methodologies t o  suppor t  a i r -  
c r a f t  i c i n g  a n a l y s i s ,  which a l s o  has  involved f l i q h t  tests i n  t h e  Twin O t t e r  I c i n q  
Research A i r c r a f t  a t  NASA L e w i s  Research Center. 
1 .  RUNWAY APPROACH FLYING U S I N G  LORAN-C 
This  p r o j e c t  i s  aimed a t  exp lo r inq  t h e  c a p a b i l i t i e s  of Loran-C t o  provide  cross- 
p o i n t e r  approach d i s p l a y s  € o r  t h e  genera l -av ia t ion  p i l o t  which can he  used t o  f l y  
approaches t o  any runway loca ted  i n  qood Loran-C s i q n a l  coveraqe. Cross- t rack  and 
vertical d e v i a t i o ~ s  from the  rucway c e n t e r l i n e  are derived from a Loran-C l o c a l  coor- 
d i n a t e  frame cen te red  on t h e  runway touchdown p o i n t ,  t hus  avoid inq  any t r ans fo rma t ion  
i n t o  geode t i c  l a t i t u d e  and long i tude  and al lowing an easy  update  of c u r r e n t  t i m e  Aif- 
f e r e n c e s  a t  the  a i r p o r t ,  as recorded from a monitor a t  t h e  airport .  Vertical  devia-  
t i o n s  are de r ived  from Loran-C estimates of range t o  touchdown, g iven  t h e  s l i d e  
s l o p e ,  and a d i q i t i z e d  e l e c t r o n i c  p r e s s u r e  a l t i m e t e r .  
The f i r s t  phase of research work w a s  completed by John K. Einhorn, r e s u l t i n q  i n  
h i s  S.M. t h e s i s  e n t i t l e d ,  " P r o b a b i l i s t i c  Modelinq of Loran-C from Non-Precision 
Approaches." This  phase formulated a mathematical model of expected p o s i t i o n  e r r o r s  
f o r  a Loran-C approach a t  a given runway loca ted  r e l a t i v e  t o  t h e  Loran-C t r a n s m i t t e r .  
From t h i s  p o s i t i o n ,  e r r o r  el l ipses were qenerated,  cor responding  t o  t w o  t i m e  d i f -  
f e r e n c e  c o r r e c t i o n  schemes. The f i r s t  involved r e l a y i n q  c o r r e c t i o n s  t o  t h e  p i l o t  
j u s t  b e f o r e  he  i n i t i a t e d  t h e  approach, and the o t h e r  involved pub l i sh inq  c o r r e c t i o n s  
on t h e  in s t rumen t  approach p l a t e s  every  few months. I t  w a s  found t h a t  bo th  schemes 
provided errors w e l l  w i th in  t h e  FAA AC 90-45A accuracy s t anda rds ,  and t h a t  t h e  f i r s t  
scheme w a s  a s i g n i f i c a n t  improvement over  the lat ter.  
F l i g h t  tests i n  Phase I were conducted i n  t h e  Grumman T i q e r ,  c a r r y i n q  an equip-  
ment test bed designed to  t a k e  d a t a  from a Loran-C r e c e i v e r  and ins t rument  l and inq  
system (ILS) l o c a l i z e r  r e c e i v e r .  These tests were flown a t  f o u r  d i f f e r e n t  a i r p o r t s  
w i t h i n  t h e  9960 Northeas t  cha in  of domestic Loran-C coverage: Hanscom F i e l d  a t  
Bedford, Massachuset ts ;  Groton, Connect icut ;  Newport, Rhode I s l and ;  and B a r  Harbor, 
Maine. D i f f e rences  from t h e  ILS l o c a l i z e r  averaqed 0.65O ( e q u i v a l e n t  t o  97 f e e t  a t  
runway t h r e s h o l d  o r  270 fee t  a t  the  o u t e r  marker of t h e  approach) ,  and t h e  Loran-C 
appeared t o  provide  very good l o c a l i z e r  t rackinq.  I t  w a s  concluded t h a t  Loran-C is  a 
s u i t a b l e  system f o r  non-precis ion approaches,  and t h a t  t ime-d i f fe rence  c o r r e c t i o n s  
made eve ry  e i q h t  weeks i n  t h e  ins t rument  approach plates w i l l  produce accep tab le  
e r r o r s .  
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The second phase of t h e  Loran-C r e s e a r c h  is c o n t i n u i n q  w i t h  t h e  work by Norry 
Dogan. It  is  explor ing  the  p o s s i b i l i t i e s  of pseudo-precis ion approach f l y i n q ,  u s i n q  
a n  a l t imeter -a ided  d i s p l a y  system t o  provide both c r o s s - t r a c k  and v e r t i c a l  d e v i a t i o n s  
from t h e  approach c e n t e r l i n e  and g l i d e p a t h .  An e l e c t r o n i c  approach d i s p l a y  system 
h a s  been b u i l t ,  and a n  i n t e r f a c e  has  been provided wi th  a King Radio KEA-346 a l t i m -  
eter. The t r a c k i n g  dynamics of t h e  Loran-C receiver have been t e s t e d  i n  ground vehi-  
c le  t r ia ls  and can be modeled as a second-order system wi th  a dampinq r a t io  around 
0.5 and a t i m e  c o n s t a n t  of approximately 18 seconds.  P r e l i m i n a r y  f l i q h t  tests have 
been flown a t  Hanscom F i e l d ,  Redford, Massachusetts,  showinq t h a t  Loran-C approaches 
can be flown using a n  approach d i s p l a y  based on Loran-C. However, f u r t h e r  tests are 
contemplated t o  e l i m i n a t e  v a r i o u s  d e f i c i e n c i e s  found i n  t h e  o p e r a t i o n  of the system. 
A h i g h l i g h t  of t h e  year  was t h e  announcement t h a t  t h e  W. E. Jackson Award for  
t h e  best s t u d e n t  t h e s i s  had been awarded t o  John Einhorn by t h e  Radio Technica l  
Commission €or Aeronautics.  It  is  available as MIT FTL Report ~ 8 5 - 5  (Reference 1 ) .  
2. EXPERIMENTAL METHODOLOGIES TO SUPPORT AIRCRAFT I C I N G  ANALYSIS 
Research e f f o r t s  i n  t h i s  area s t e m  from o r i q i n a l  work sponsored by t h i s  proqram 
on t h e  demonstration of t h e  use  of  u l t r a s o n i c  t r a n s d u c e r s  t o  measure a c c u r a t e l y  t h e  
t h i c k n e s s  of a l a y e r  of ice on a s u r f a c e .  As d e s c r i b e d  i n  Reference 2 ,  a n  u l t r a s o n i c  
p u l s e  is  emi t t ed  from t h e  t r a n s d u c e r  and r e f l e c t s  o f f  t h e  ice/air i n t e r f a c e  t o  be 
d e t e c t e d  by the  t ransducer  a c t i n g  as a receiver. S i n c e  experiments  have shown t h a t  
t h e  speed of sound i n  v a r i o u s  types  of a i r c r a f t  ice i s  c o n s t a n t ,  t h e  t i m e  l a p s e  can 
be used to  determine ice-layer t h i c k n e s s  above the t r a n s d u c e r  imbedded i n  t h e  sur-  
f ace .  Accuracies greater than  a millimeter are possible, and ice a c c r e t i o n  rates 
over t i m e  can he determined even i f  they  vary.  It  is  p o s s i b l e  t o  i d e n t i f y  whether 
t h e r e  is a l a y e r  of water p r e s e n t  a t  t h e  i ce /a i r  i n t e r f a c e .  
A f t e r  tests i n  t h e  I c i n q  Research Tunnel a t  NASA L e w i s  Research Center  which 
measured ice a c c r e t i o n  on a c i r c u l a r  c y l i n d e r  a t  l i g h t  and heavy, w e t ,  d r y ,  r i m e  or  
g l a z e  c o n d i t i o n s ,  s imilar  c y l i n d e r  f l i g h t  tests onboard t h e  "win O t t e r  I c i n g  Research 
A i r c r a f t  were conducted i n  real  i c i n g  c o n d i t i o n s .  The i n c r e a s e d  accuracy  allowed 
measurement of i c i n q  rates i n  terms of mm/min ( i n s t e a d  of inches/hour  from other 
means) and allowed a good c o r r e l a t i o n  t o  be e s t a b l i s h e d  wi th  the t i m e  v a r i a t i o n  i n  
l i q u i d  w a t e r  conten t  of t h e  i c i n g  cloud,  as measured by onboard ins t rumenta t ion .  
While development of improved u l t a s o n i c  d e t e c t i o n  systems cont inued  dur inq  the year 
i n  t h e  form of an a r r a y  of small t r a n s d u c e r s  t o  be mounted around a c y l i n d e r  or 
leading-edge glove mounted on t h e  a i r c ra f t  wing and a hiqh-speed d i q i t a l  data acqui-  
s i t i o n  system, t h e  real objectives of t h e  r e s e a r c h  project are t o  develop a model 
which e x p l a i n s  t h e  role of v a r i o u s  parameters i n  a i r c r a f t  ice  a c c r e t i o n .  
A simple s t e a d y - s t a t e  h e a t - t r a n s f e r  model w a s  used t o  validate t h e  h e a t - t r a n s f e r  
d a t a  used by L e w i s  Research Center .  Accret ion rates i n  w e t  and d r y  c o n d i t i o n s  a t  
v a r i o u s  cloud temperatures  were c o n s i s t e n t  wi th  exper imenta l  r e s u l t s .  Small-scale 
a i r  t u r b u l e n c e  i n  t h e  t u n n e l  w a s  used t o  show t h a t  t u r b u l e n c e  w a s  s i g n i f i c a n t l y  l o w e r  
i n  real f l i q h t  condi t ions .  rhe role of subl imat ion  w a s  i d e n t i f i e d .  It is  impor tan t  
as a h e a t - t r a n s f e r  mechanism, and t h e  decrease i n  ice t h i c k n e s s  i n  clear a i r  due t o  
I s u b l i m a t i o n  was shown t o  be less than  1 mm per hour.  
F u r t h e r  Twin O t t e r  wing qlove f l i g h t  tests are b e i n q  planned t o  o b t a i n  t i m e  and 
space ice-growth d a t a .  These f l i q h t  test  data w i l l  be compared w i t h  a n a l y t i c a l  pre- 
d i c t i o n  f o r  computational models and s c a l i n g  a n a l y s i s .  I n  a d d i t i o n ,  t h e  instrumented 
glove w i l l  be t e s t e d  i n  t h e  I c i n q  Research Tunnel. 
These data sets w i l l  provide a unique oppor tuni ty  f o r  t h e  direct  comparison of 
t h e  va r ious  i c i n g  a n a l y s i s  and c e r t i f i c a t i o n  t o o l s  c u r r e n t l y  i n  use.  
ANNOTATED REFERENCES 
1.  Einhorn, John K., " P r o b a h i l i s t i c  Modelinq of Loran-C €or Non-Precision 
Approaches," MIT FTL Report  R85-5, F l i g h t  T ranspor t a t ion  Laboratory,  MIT, 
Cambridqe, MA 02139, 1985. 
Th i s  r e p o r t  creates a model f o r  expected p o s i t i o n  errors a t  a runway approach 
l o c a t e d  i n  a g iven  Loran-C t r i a d .  
a t e d  f o r  t w o  c o r r e c t i o n  schemes f o r  Loran  t i m e  d i f f e r e n c e s .  The "update each 
approach" scheme w a s  shown t o  be s i q n i f i c a n t l y  better than t h e  "publish approach 
p l a t e s  every  e i g h t  weeks" scheme, althouqh t h e  l a t te r  w a s  w e l l  w i th in  t h e  accu- 
racy  s t anda rds  c a l l e d  f o r  by FAA AC90-45A f o r  non-precis ion approaches.  F l i q h t  
tests a t  f o u r  d i f f e r e n t  a i r p o r t s  i n  t h e  9960 Nor theas t  USA Loran-C cha in  demon- 
s t r a t e d  t h e  f l y a b i l i t y  of t h e  Loran-C l o c a l i z e r  pa th ,  and showed an averaqe e r r o r  
of  0.65 degrees  between ILS l o c a l i z e r  and Loran-C d a t a .  
Expected p o s i t i o n - e r r o r  e l l i p s e s  w e r e  gener-  
2. Hansman, R. John, Jr. and Kirby, Mark S., "Measurement of Ice Accret ion Usinq 
U l t r a s o n i c  Pulse-Echo Techniques," J. A i r c r a f t ,  vo l .  22,  No .  6,  June 1985. 
Resu l t s  c?f t e s t s  t o  measure ice th ickness  =sing i i l t r a s o n i c  piilse-echo techniques  
are presented .  Tests conducted on simulated g l a z e  ice ,  r i m e  ice, and ice crys- 
ta ls  are descr ibed .  Addi t iona l  tests on q l a z e  and r i m e  ice samples formed i n  the 
NASA L e w i s  I c i n g  Research Tunnel are a l s o  desc r ibed .  The speed of propaqat ion  of 
t h e  u l t r a s o n i c  wave used f o r  pulse-echo th ickness  measurement i s  found t o  be i n -  
s e n s i t i v e  t o  t h e  type  of ice s t r u c t u r e ,  and is determined t o  be 3.8 mm/ps. An 
accuracy  of iO.5 mm is  achieved €o r  ice th ickness  measurements usinq t h i s  
technique.  
ANNOTATED BIBLIOGRAPHY 
1 . Hansman, R. John, Jr., "Measurement of Ind iv idua l  HydrometeOK Absorption Cross  
S e c t i o n s  TJ t i l i z ing  Microwave Cavi ty  Pe r tu rba t ion  Techniques," J. of Atmospheric 
and Oceanic Technology, vol .  1 ,  No. 4, December 1984. 
A technique  f o r  measurement of i n d i v i d u a l  hydrometeor abso rp t ion  cross s e c t i o n s  
i s  p resen ted .  Cross s e c t i o n s  a r e  in€e r red  by i n s e r t i n q  t h e  hydrometeor i n t o  a 
h igh  Q r e sonan t  c a v i t y  and measuring t h e  Q p e r t u r b a t i o n .  T e s t s  w e r e  conducted i n  
a 10.64 GHz, a10 c a v i t y .  
p e r a t u r e  f o r  0.5 t o  2.0 mm water drops ,  and w e r e  found t o  aqree wi th  t h e  Rayleiqh 
theory .  Cross s e c t i o n s  w e r e  a l so  measured as a f u n c t i o n  of temperature ,  and from 
t h e s e  t h e  d i e l e c t r i c  l o s s  t e r m  I m ( - K )  was  i n f e r r e d  f o r  supercooled water down t o  
-17OC. 
Absorption cross  s e c t i o n s  were measured a t  room t e m -  
- 
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2. Hansman, R. John, Jr., "Droplet S i z e  D i s t r i b u t i o n  Effects on Aircraf t  Ice 
Accre t ion ,"  J. Aircraf t ,  vol. 22,  No .  6 ,  June 1985. 
The impinqinq mass f l u x  d i s t r i b u t i o n  which determines a i r c r a f t  ice a c c r e t i o n  rate 
i s  shown t o  be related t o  t h e  atmospheric  d r o p l e t  s i z e  d i s t r i b u t i o n  throuqh t h e  
droplet  c o l l e c t i o n  e f f i c i e n c y  of the body. C o l l e c t i o n  e f f i c i e n c y  i s  s t u d i e d  by 
means of a two-dimensional d r o p l e t - t r a j e c t o r y  code which i n c l u d e s  t h e  e f f e c t  of 
nonspher ica l  droplet  shape due t o  hydrodynamic deformation. The s i m u l a t i o n  w a s  
found t o  aqree wi th  wind t u n n e l  photoqraphic  s t u d i e s  of d r o p l e t  k inemat ics .  The 
r e s u l t s  of t h e  s i m u l a t i o n  are used t o  g e n e r a t e  impinqinq mass f l u x  d i s t r i b u t i o n s  
€or t y p i c a l  c loud and p r e c i p i t a t i o n  s i z e  d i s t r i b u t i o n s .  The impinqinq mass 
approach i s  a lso used to  determine re la t ive  i c i n q  rates from s e v e r a l  supercooled 
c loud  c h a r a c t e r i z a t i o n s  i n c l u d i n q  t h e  i n t e r m i t t e n t  maximum i c i n g  envelope o f  
F e d e r a l  Aviation Regulat ion,  P a r t  25. 
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